Non-contact ultrasonic support of minute objects  by Takasaki, Masaya et al.
Available online at www.sciencedirect.com
Physics Procedia 00 (2009) 000–000 
www.elsevier.com/locate/procedia
International Congress on Ultrasonics, Universidad de Santiago de Chile, January 2009 
Non-contact Ultrasonic Support of Minute Objects 
Masaya Takasaki
a
*, Daisuke Terada
a
, Yasuhiro Kato
a
, Yuji Ishino
a
, Takeshi Mizuno
a
aSaitama University, Shimo-Okubo 255, Saitama, 338-8570, Japan 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
In near-field acoustic levitation, an object is levitated vertically upward above the vibrating surface of an ultrasonic transducer.
On the other hand, it is known that an object can be suspended vertically downward under the vibrating surface in the water. In
this phenomenon, it seems that the pressure acting on the object is negative at the certain gap. This paper describes application of 
the pressure for handling of minute planar objects in the air. Fabrication of an experimental setup according to the proposal and
experimental results of the ultrasonic suspension in the air are reported. 
PACS: 43.25.Uv; 43.25.Qp; 
Keywords: ultrasonic levitation; near-field acoustic levitation; acoustic radiation pressure; manipulation. 
1. Introduction 
Recently, miniaturization of electric devices has been prompted. In such devices, miniaturized electric 
components are mounted on printed-circuit boards. For handling of the components during manufacturing process of 
the devices, vacuum chuck has been applied. Currently, the miniaturization is accelerated according to proceeding of 
technology and demand of market. In the future, this acceleration will increase difficulty such as positioning 
accuracy of a vacuum nozzle, contact and so on, in the vacuum handling. To solve these problems, we focused 
ultrasonic suspension. 
Using ultrasonic suspension, non-contact handling and self-centering effect can be expected. For the handling of 
minute objects, the non-contact property can solve adhesion problem due to surface forces. As a result, easy release 
can be realized in the assembly process of electric components. The self-centering effect can cancel the positioning 
error of a handling end effector. 
In this research, feasibility of ultrasonic support of minute objects was experimentally investigated. In the next 
section, ultrasonic suspension is introduced. Fabrication of experimental setup is reported in the following section. 
Measurement results of attractive force to realize the ultrasonic suspension are descried in Section 4. Then, 
successful suspension is described. Suspension characteristics are also reported in Section 6. The final senction 
concludes this paper. 
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2. Near-field acoustic levitation and support
In near-field acoustic levitation, an object is levitated vertically upward above the vibrating surface of an
ultrasonic transducer, as shown in Fig.1. The pressure radiated from the surface balances the gravity acting on the
levitated object. This phenomenon has been known well and applied for non-contact substance transportation[1 - 4].
On the other hand, it is known that attractive force acts on an object under the vibrating surface in the water[5]. In
this phenomenon, it seems that the pressure acting on the object is negative at the certain gap. The attractive force
can also be observed in the air[6].
We propose application of the attractive force for handling the miniaturized components. By using the attractive
force, ultrasonic suspension, which is illustrated in Fig.2, can be realized. The suspension enables picking up and
place of the objects from their upsides. The suspension can perform non-contact property. The property can solve
contact problem due to surface forces of miniaturized objects. Restoring force acting on the suspended object to the
center can also be expected in the same manner as the ultrasonic levitation. This means the suspension can perform
self-centering effect. 
When a planar object is placed under a vibrating surface with a certain gap, acoustic streaming carries the air in 
the gap to outside of the gap. As a result, the time-averaged pressure in the gap is reduced and the object is attracted
by atmosphere pressure. Under the suspension, acoustic viscous force acts on the object in the same manner as the
ultrasonic levitation. This force contributes a restoring force. As a result, self-centering effect can be observed.
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Fig.1  Schematic view of ultrasonic levitation.
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Fig.2.  Schematic view of ultrasonic support.
3. Experimental setup 
For the trial and investigation of the ultrasonic suspension, an ultrasonic transducer was fabricated. Figure 3 is a
photograph of the fabricated bolt-clamped Langevin type transducer. The transducer has a horn to enhance
longitudinal vibration on its top. On the top of the horn, the cap to perform the ultrasonic suspension can be fixed by
screw. The cap can be replaced according to the size of suspension target object. In the following experiment, the 
diameter of the cap was 3 mm. A flange was attached in the middle of the transducer to fix it. The flange located at 
vibration node of the first order of longitudinal vibration mode, approximately.
Resonance frequency of the transducer was 21 kHz and Q factor was 78. The resonance frequency fluctuates due 
to the change of operating environment, such as applied voltage, temperature, the cap on the top and so on. The
frequency was traced by using resonance frequency tracing system[7]. In the system, operating frequency was
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arranged according to comparison result of phase difference between applied voltage and current. In the following 
experiment, the system was utilized for the driving of the transducer.
Vibration amplitude on the top cap with the change of the current was measured. The measurement results are
plotted on Fig.4. The amplitude was proportional to the current. The following experiments were carried out in the
proportional range.
Fig.3  Langevin type transducer.
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Fig.4 Vibration amplitude versus input current.
4. Measurement of attractive force 
Attractive force acting on the planar object under the vibrating surface of the top cap was measured. For the 
measurement, a cantilever was utilized. The force was calculated from the deformation of the cantilever. A planar
object was fixed on the top of the lever and kept in parallel with the cap surface. The forces according to the gap
between the cap and the object were measured. The measurement results with the change of vibration amplitude are 
plotted on Fig.5. Under the gap less than 20 Pm, the forces were repulsive. Attractive force acted with the gap wider
than that. In the range of 20 – 40 Pm, the force was proportional to the gap. This meant that the force was positive
stiffness and can restore the object to the position in which gravity acting on the object balances the force like a 
spring. As a result, the force can stably suspend the object balancing the gravity acting on it. With the gap wider
than 200 Pm, the attractive force did not act.
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To investigate the limit of the planar object size, the maximum attractive forces according to the area of the target
object were measured. SUS disks with the diameter of 2 – 4 mm and with the thickness of 0.05 mm were prepared
for the measurement. The measurement results with the change of vibration amplitude are plotted on Fig.6. In the
plot, area of the object was described as ratio to the area of the top cap. The maximum forces were proportional to 
the area and saturated around 1.4. It can be seen that larger force was observed with larger vibration amplitude.
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Fig.5 Attractive force. 
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Fig.6  Attractive force versus area ratio of planar object.
5. Ultrasonic suspension
The Langevin type transducer was fixed as the cap surface faced downward. The SUS disk, which was 3 mm in
diameter and 0.05 mm in thickness, was prepared. The prepared disk was placed on a Z-axis stage under the
vibrating surface. The disk was lifted up by the stage. With a narrow gap, the disk was attracted forward to the 
vibrating surface and suspended successfully, as shown in Fig.7. 
Suspension gap was measured by using a laser displacement sensor. The measurement results with the change of
vibration amplitude are plotted on Fig.8. In the figure, the gap of 0 mm means contact of the planar object and the
cap surface. Correlation between the vibration amplitude and suspension gap was not observed.
Time history of the suspension gap was also observed. Figure 9 indicates the observation result with the vibration
amplitude of 14 Pm. Stable suspension with the gap of 40 Pm was observed.
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Fig.7  Ultrasonic support of planar object.
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Fig.8  Suspension gap in the change of vibration amplitude.
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Fig.9  Behavior of the suspended planar object.
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6. Self-centering effect
Under the trial of ultrasonic suspension of the planar object with a initial deflection illustrated in Fig.10, the
object was attracted to the center of the top before suspension and suspended in the center. This effect can be
utilized as the self-centering effect. To investigate this effect, suspensions with the change of the initial deflection
were tried. The trial results are plotted on Fig.11. Circles indicate success suspension and crosses indicate failure. In 
the success, the planar object was attracted to the center and suspended. In the failure, the object was pressed away
and not suspended. It can be seen that the object with the deflection of 40% of its diameter could be suspended
successfully with the self-centering effect. This means that the suspender positioning error less than 40 % of the
target diameter can be cancelled by the self-centering effect in the future application.
The tangential force, which contributes the self-centering effect, was measured. Applying impulse of shear
direction disturbance to the suspended object, the object fluctuates in the horizontal direction, as illustrated in
Fig.12. The fluctuation was treated as horizontal vibration. The tangential force was calculated as stiffness from the
interval of the vibration and mass of the suspended object. The measurement results with the change of vibration
amplitude are plotted on Fig.13. Larger tangential force was observed with larger vibration amplitude.
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Fig.10  Initial deflection of the planar object. 
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Fig.11  Suspension of deflected planar object.
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Fig.12  Measurement method of tangential stiffness.
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Fig.13  Tangential stiffness versus vibration amplitude.
7. Conclusion
Non-contact handling of minute planar object applying ultrasonic suspension was proposed. The suspension was
confirmed by the fabricated Langevin type transducer and an experimental setup. Successful suspension was
observed. Suspension characteristics were also observed.
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